FENTANYL AND BUPIVACAINE MIXTURES FOR EXTRADURAL BLOCKADE F. S. RUCCI, M. CARDAMONE AND P. MIGLIORI
In clinical practice the ideal local anaesthetic should combine rapid onset and a long duration of action (Cunningham and Kaplan, 1974) . At present, no anaesthetic agent has such characteristics, but there have been numerous studies of the effects of mixtures of different anaesthetic solutions in an attempt to combine the two properties (Defalque and Stoelting, 1966; Brodsky and Brock-Utne, 1978; Galindo and Witcher, 1979; Cohen and Thurlow, 1979; Kankinen, Kankinen and Eerola, 1980; Seow et al., 1982; Magee, Sweet and Holland, 1983) .
There have been no investigations on the effects of mixtures of an anaesthetic solution and an opioid drug, in spite of the increasing practice of giving spinal opioids, and it remains to be established whether such a combination is able to reduce the latency of an extradural block and prolong its effectiveness. Mixtures of this type are used increasingly in an empirical way, but knowledge of their application is still limited. The effects of the association of an opioid with a local anaesthetic in extradural (De Castro et al., 1980; Shapiro et al., 1981; Justin et al., 1982) and in subarachnoid blockade (Cunningham, McKenna and Skene, 1983; Kalso, 1983; Takasaki and Asano, 1983) have been investigated little, or without control studies. Since interest has been focused almost entirely on the analgesic effect during the period immediately after operation, rather than on the characteristics of the sensory and motor blockade, mixtures of a local anaesthetic and morphine have been preferred (Shapiro et al., 1981; Cunningham, McKenna and Skene, 1983; Kalso, 1983; Takasaki and Asano, 1983) .
The aim of this study was to compare, under con- trolled conditions, the effectiveness and the side effects of mixtures of bupivacaine with increasing doses of fentanyl, on lumbar extradural blockade. We chose fentanyl as the opioid to be added to the anaesthetic solution because of its high lipid solubility (Von Cube,et al., 1970) . Unlike morphine, fentanyl easily crosses the lumbar dura (Moore et al., 1982) and penetrates quickly the lipid phase of underlying tissues of the cord. Thus, analgesia will be rapid (Devaux et al., 1982; Pierrot et al., 1982) , intense Torda and Pybus 1982a, b; Welchew and Thornton, 1982) and sharply segmental (Bromage, 1982; Justin et al., 1982) , with few side-effects from migration of the opioid in a rostral direction (Bromage et al., 1982a, b; Morgan, 1982) . Eighty male patients, ASA I or II, undergoing lower abdominal surgery (herniorraphy and prostatectomy), were studied. After detailed explanation of the study, informed written consent was obtained the day before surgery. The patients were allocated, on the basis of the date (but not year) of their birth, to four groups of 20 subjects each: group B:F 0 received 0.5% bupivacaine 20 ml without fentanyl; group B:F50 0.5% bupivacaine 20 ml with fentanyl; 50 (xg; group B:F100 0.5% bupivacaine 20 ml with fentanyl 100 jig; group B:F 200 0.5% bupivacaine 20 ml with fentanyl 200 |.ig. All the solutions contained adrenaline 1:200 000. Details of the solutions and the patients are shown in table I.
SUMMARY
No patient was pre-medicated. Before extradural blockade was begun, an i.v. cannula was inserted and an infusion of 500 ml of plasma expander (Emagel 30 drops min" 1 ) with metaraminol 160 tig was commenced. Atropine 0.5 mg i.v. was given. Arterial pressure (Riva-Rocci), heart rate and respiratory frequency were recorded before the blockade and every 5 min after extradural injection.
One anaesthetist performed the extradural blockades at L3-L4, with the patient lying on his side. The solutions to be injected were mixed at the bedside and were administered through a 16-swg Tuohy needle with the bevel upwards, at a speed of 1 ml s '. The patient was then turned supine and a separate assessor, who was unaware of the drug injected, commenced clinical observations of sensory and motor blockade.
Sensory blockade was assessed every 2 min for at least 30 min, or until the beginning of surgery. Blockade was identified by the loss of sensation of pinprick from a 22-swg needle. Latency of onset was defined as the time between the extradural injection and the appearance of analgesia in any one dermatome (usually T12 and LI) bilaterally. The time of maximal diffusion was defined as the time necessary for the area of analgesia to reach its maximum spread. SI latency was defined as the time at which blockade occurred bilaterally at that dermatome; it was determined from the disappearance of sensation of pain in the lateral region of the foot and in the little toe. If the analgesia was only unilateral, the SI block was considered incomplete and the patient was assigned to the "root-jumping" group. Duration of the block was recorded as follows: (1) Regression of two segments ( -2 S): the time from complete spread to the bilateral regression of two dermatomes.
(2) Regression of four segments (-4S): the time from maximum spread to the bilateral regression of four dermatomes. (3) Regression of last chest dermatome (-T12): the time between the onset of the block and the bilateral disappearance of analgesia from dermatome T12, which supplies the lower region of the abdomen.
Blocking time of SI and the regression time of the last dermatome were each recorded from bilateral appearance of analgesia (onset) to offset.
Motor blockade in the lower limbs was assessed both subjectively and objectively. Subjective motor blockade was deemed to start when "numbness" appeared in the patient's legs, and to stop when the legs were again entirely "free". Objective motor blockade was evaluated every 5 min for at least 30 min, or until the beginning of surgery, with the "myotome scale" of Last (1978) , according to which, particular movements of the legs are related to specific myotomes. Thus, hip flexion depends on L2 and L3; knee extension on L3 and L4; ankle dorsiflexion on L4 and L5 and plantar flexion on S1 and^S2. These movements were given the scores: 0 = movement possible: complete lack of motor blockade; 1 = movement partially impeded: partial motor blockade; 2 = incapacity of movement: complete motor blockade. Taking into account the four movements for each limb, the lowest possible score was zero (absence of muscular block) and the highest, 16 (complete muscular block). This score was regarded as the most practical, albeit indirect, assessment of accompanying abdominal muscle relaxation.
The time to onset of partial motor blockade was defined as the time required for any one of these movements to be scored as 1, whereas the latency of complete motor blockade was the time elapsed to achieve a score of 2. The maximum intensity of the motor block was defined as the highest score reached, and the regression of objective motor blockade defined as the return of the myotome score to zero. After surgery, clinical evaluation of the sensory and motor profiles was continued in the recovery room at 15-min intervals until the complete return of sensory and motor functions.
Possible side effects were sought both during and after surgery. During surgery we recorded all the incidents of acute hypotension which required management with metaraminol 160 ug i.v., whether patients were awake or drowsy; and if they were affected by shivering, nausea or vomiting. Eight hours after surgery, the patients were questioned again, special care being paid to the appearance of headache, dizziness, nausea, vomiting, itching and retention of urine. No attempt was made to treat side effects, unless they were considered dangerous. In the case of prolonged retention of urine, naloxone 0.4 mg was injected slowly i.v.
During the first 3 days after surgery, intestinal transit was assessed by questioning about the first passing of flatus. Before the patient was discharged, we tested the acceptability of the anaesthetic techniques by asking the patient if he had found it satisfactory and if he would accept the same technique in case of another operation.
Parametric data were subjected to analysis of variance (ANOVA) and "a posteriori" comparisons were made using the Newman-Keuls test. For nonparametric data, diversity between groups was tested by the non-parametric analysis of variance (Kruskal-Wallis test) and by the chi-square test. Spearman non-parametric correlation and the test for linear trend in proportions were used to examine 
Patient variables
There were no significant differences between the four groups regarding age, weight, height and the duration of surgery (table I) .
Sensory blockade
There were no significant differences between the four groups for the time to onset of analgesia (table  II) . However, analgesic blockade spread more quickly in the patients treated with larger doses of opioid.
The average regression times of -2S and -4 S , and the time of disappearance of analgesia from the last thoracic dermatome (-T12) In contrast to this favourable effect of prolonged duration of analgesia, we noted, with increasing doses of the opioid, a decrease of penetrability of the anaesthetic solution to the large spinal roots (SI). The missing of this segment increased progressively with increasing concentration of opioid and reached the greatest value (65%) in patients treated with fentanyl 200 ug (P < 0.05; test for linear trend in proportions).
Data summarizing the spread and duration of analgesic blockade are shown in figure 1.
Motor blockade
Subjective latency appeared to decrease progressively with increasing doses of fentanyl (Spearman correlation test: r = -0.468; P < 0.001). However, there was no statistically significant decrease in latency of objective partial or complete motor blockade or of the time taken to achieve complete spread (table III) . Likewise, there was no difference between the various groups with regard to either subjective and objective evaluation of the duration of the blockade, or time to complete spread.
The intensity of the motor blockade assessed by myotome score was significantly lower (P < 0.02) in the patients treated with larger doses of fentanyl (group B:F 200), in whom the myotome score differed significantly from the other groups after about 25 min ( fig. 2) , the difference increasing in the subsequent observations. 
Haemodynamic and respiratory effects
In all the groups, systolic pressure was reduced significantly after extradural blockade. The addition of an opioid agent did not increase the cardiovascular depression; on the contrary, in patients receiving fentanyl, hypotension developed more gradually (table IV) , and there were fewer patients with systolic pressures less than 100 mm Hg (table V) or requiring medication for acute hypotension (table  VI) .
There was no significant difference between the groups with regard to heart rates (table V), but respiratory rate decreased significantly (P < 0.05) in the B:F 200 group (table V) . Obvious respiratory depression, either early or late, did not occur and no patient required an opioid antagonist.
Side effects
The side effects noted during and immediately after surgery are shown in table VI and VII. Increased doses of extadural opioid resulted in more drowsiness during operation and, in general, the opioid-treated patients were more sedated than the patients in the control group. Drowsiness was reduced by simple verbal stimuli and did not cause amnesia.
Shivering did not occur in the B:F 200 group, and only one of those patients suffered acute hypotension (table VI). The addition of opioid had little influence on the incidence of headache, and fentanyl did not appear to affect the frequency of nausea and vomiting (table VII) .
The only positive finding was a reduction of dizziness after operation in the groups which received fentanyl. Itching occurred only in the fentanyl groups (17%) and was most frequently noted 1-6 h after surgery. These patients experienced varying degrees of pruritus, which was usually mild and confined to the anterior chest, groin, nose and face (in order of frequency). The difference between the treated and the control groups was significant (P < 0.05), but a relationship between this side effect and increasing dose of opioid could not be demonstrated.
Micturition difficulties were recorded in both the fentanyl and control groups; there was no statistically significant difference between the four groups. Nevertheless, it was clinically significant that the 
The patient's opinion
The addition of opioid to the anaesthetic solution did not change the clear preference of all the patients for extradural analgesia (table VIII) . Thus, side effects, when present, were of limited importance or were indeed of a positive nature. For example, a patient who had been treated first with bupivacaine alone, and later with an opioid-anaesthetic mixture (in group B:F 100), stated that he preferred the latter technique, on account of less shivering and greater sedation. In one instance of negative opinion, this may have been induced by a complication (dural tap), and in two other patients it may have been caused by the long period of observation.
DISCUSSION
There are three main conclusions from our studies:
(1) Mixtures of bupivacaine and fentanyl prolonged the analgesic blockade only when larger doses of opioid (200 ug) were used. Smaller doses (50 and 100 ug) had no effect. (2) As the dose of narcotic increased, the anaesthetic solution lost ability to block the motor fibres and the 1st sacral segment (SI).
(3) The opioid-local anaesthetic mixtures appeared able to modify the response of the autonomic nervous system to extradural blockade. For example, the patients treated with higher doses of fentanyl exhibited fewer episodes of acute hypotension, and none shivered.
Onset and duration of analgesia from both fentanyl and bupivacaine are similar. When fentanyl is injected alone to the extradural space, analgesia appears within 10 min (Lomessy, Viale and Motin, 1981; Devaux et al., 1982 : Pierrot et al., 1982 ) and lasts about 3 h (McQuay et al., 1980; Rutter, Skewes and Morgan, 1981; Pierrot et al., 1982; Rucci et al., 1983) . One might expect, therefore, that small doses of fentanyl (50-100 ^g) would not modify the analgesic blockade of bupivacaine. However, it is likely that, as is the case with morphine (Yaksh et al., 1979; Pybus and Torda, 1982) ,. the duration of analgesia from fentanyl is dose-dependent. Larger doses may cause prolonged depression of wide-dynamic-range (WDR) neurones (Suzukawa et al., 1982) with consequent medullar inhibition of the nociceptive input. It is unlikely that the enhancement of the analgesic blockade from bupivacaine occurs only when the opioid concentration in the extradural space becomes sufficiently high to cause a local anaesthetic effect. This has been •;) 2t 96 demonstrated for meperidine Raj et al., 1983) , but not for morphine (Bullingham et al., 1983) . Furthermore, an hypothetical enhancement of local anaesthetic action at membrane level would hardly agree with a weakening of the motor blockade, with the increasing failure to block SI completely, and with fewer involuntary phenomena (acute hypotension and shivering) observed in the fentanyl-treated groups. These observations suggest, on the contrary, greater passage of impulses along both larger and smaller fibres, and agree with experimental data which showed that opioids can enhance the excitability of presynaptic terminals of A6 and C primary afferents (Jurna and Grossmann, 1977; Sastry, 1978; and of some non-nociceptive dorsal horn neurones (Dostrowsky and Pomeranz, 1976; Belcher and Ryall, 1978; Randic and Miletic, 1978) . It has also been demonstrated (Raj et al., 1983 ) that morphine and fentanyl, in low doses, seemed to potentiate peripheral nerve conduction of Aa, and to a lesser extent of A6, action potentials. It has been known for a long time (Gergis, Hoyt and Sokoll, 1971 ) that fentanyl given i.v. can cause rigidity of the trunk and extremities (Stanley and Webster, 1978; Comstock, Scamman and Carter, 1979; Comstock et al., 1981; Hill et al., 1981) . The cause of this rigidity is not clear, but it could be related to an increase of monosynaptic spinal reflexes (Sokoll, Hoyt and Gergis, 1972) . In any case these observations are consistent with the reduction of the motor blockade in patients treated with larger doses of opioid. It is unlikely that the observed effects were the result of the insignificant increase in the injected volume and consequent decrease of bupivacaine and adrenaline concentrations; all patients had the same dose of these drugs and the mass of injected drug, rather than volume, is the predominant factor in the spread and characteristics of extradural blockade (Bromage et al., 1964; Bromage, 1975; Thorburn and Moir, 1981) .
The addition of fentanyl to the anaesthetic solution caused no serious complications. The only side effects of any relevance were itching and bladder dysfunction. The precise neurological basis for itching is still uncertain (Bromage et al., 1982b) ; perhaps it is derived from a facilitatory action by opioid agents on non-nociceptive neurones in the dorsal horn (Belcher and Ryall, 1978) . Difficulty or incapacity to empty the bladder is one of the most frequent side effects attributed to extradural opioids. This undesirable effect is more common after morphine (Weddel and Ritter, 1981; Peterson et al., 1982) than after fentanyl (Devaux et al., 1982) . We observed micturition difficulties in 45% of our groups receiving fentanyl, although bladder dysfunction was common (30%) also in patients receiving extradural anaesthesia with anaesthetic solution alone. Dundee (1980) has suggested that, when patients are questioned about their opinions on the anaesthetic technique as ours were, the technique should receive overall, 80-85% satisfied and only about 5% dissatisfied responses in order to be acceptable clinically. On this basis, our results suggest that extradural anaesthesia with a mixture of anaesthetic solution and fentanyl had the same high degree of acceptability as extradural blockade performed with bupivacaine alone. This reflects that the side effects were of minor importance or were of a positive nature.
In conclusion, there are both advantages and disadvantages in adding fentanyl 200 u.g to 0.5% bupivacaine 20 ml with adrenaline 1:200 000 for lumbar extradural blockade. The advantages are: shorter time of spread and greater duration of analgesic block; better sedation during operation and reduction of episodes of shivering and acute hypotension. The disadvantages are a reduction of motor blockade, greater occurrence of incomplete blockade of the 1st sacral segment, occasional appearance of itching and bladder dysfunction after surgery, and delayed intestinal transit. Smaller doses of fentanyl do not offer significant differences compared with use of anaesthetic solution alone.
